Purpose We intend to report the largest series of spinal epidural cavernomas (SEC), discuss their clinical features, imaging characteristics, surgical findings, outcome analysis and compare them with similar reports in the literature. Methods Among the cases of spinal tumors treated surgically by the authors, there have been nine cases of SEC's. All the data were collected prospectively and the cases have been followed after surgery up to the time of this analysis. Results There were six female and three male patients with the ages ranging between 13 and 74 years. The lesions were located in the thoracic spine (4 cases), lumbar spine (4 cases) and one at the sacral level. Clinical presentations included acute spinal pain and paraparesis in two, low back pain and radiculopathy in five, and slowly progressive myelopathy in the other two cases. The lesion was iso-intense with the spinal cord in T1W images and hyperintense in T2W images and showed strong homogeneous enhancement after contrast medium injection in most of our cases. In the presence of hemorrhage inside the lesion, it was hyperintense in both T1W and T2W MR sequences as in our case 6. In the single case presenting with acute hemorrhage, epidural hematoma was the only finding, our case 1. Complete surgical removal was achieved in all our cases, and confirmed by postoperative MRI.
Introduction
Cavernous angiomas or cavernomas are uncommon vascular malformations of the central nervous system. They may occur in any part of the neuraxis [1, 4, 12, 23, 28] , but are most commonly found in the supratentorial cerebral compartment [3, 10, 28] . In the spine, they are usually located in the vertebral bodies and comprise 5-12 % of all spinal hemangiomas [2, 4, 7, 12, 23, 25] . Solitary spinal epidural cavernous angiomas (SSECA) are rare lesions [5, 6, 8, 9, 11, 13, 18, 21, 22, 24] . They are most commonly located in the posterior aspect of the thoracic epidural space and less frequently found in the foraminal and extraforaminal regions [4, 10, 11, 24] . The authors intend to present and discuss the variable clinical presentations and image findings of nine such cases and compare them with those reported in the literature.
Materials and methods
Among the patients operated for spinal tumor between January 2000 and May 2011, there were nine cases of SSECA's. Their data were gathered prospectively which will be described in brief. The relevant literature is reviewed.
Result
There were six female and three male patients with the mean age of 45.3 years and the age range of 13-74 years. The lesions were located in the thoracic region (4 cases), lumbar region (4 cases) and sacral level (1 case). The clinical presentations included acute pain and paraparesis in two cases, low back pain (LBP) and radiculopathy in five cases, and slowly progressive myelopathy in the other two. Plain radiography was performed in all patients but could not reveal any remarkable pathological changes. Computed tomography (CT) scan of the affected spinal levels was performed in five cases which showed vertebral body scalloping in three and erosion of the lamina in two. All these patients had brain and whole spinal MRI prior to or after surgical intervention searching for multiple lesions, and post-operative MRI in the follow-up period for control of the tumor recurrence. Total surgical excision of the lesion could be achieved in all the patients. Complete recovery of the symptoms appeared gradually after surgery in all the patients except one. Summary of these nine cases are shown in Table 1 .
Case illustration

Case 1
A 74-year-old woman presented with history of acute onset of severe paraparesis 3 days prior to her admission. There was no history of spinal trauma, infection or anticoagulant therapy. On admission, her lower limbs were spastic with hyperreflexia and bilateral extensor plantar reflexes. She had a muscle power of 1/5, a sensory deficit up to the level of T8 and bladder retention. MRI of the thoracic spine revealed an acute epidural hematoma at T5-T9 levels, compressing the spinal cord mostly on the dorsal aspect (Fig. 1a, b) . Contrast material injection, showed nonhomogeneous enhancement in the periphery of the lesion. A T5-T9 laminectomy revealed an extradural hematoma containing a dark red organized elastic lesion within it and was removed completely. Histopathological diagnosis was compatible with epidural hematoma and a cavernous angioma (Fig. 1c) . MRI of the brain, cervical and lumbar spine performed after 2 weeks was normal and patient recovered partially after a year, with improvement of the muscle strength of lower limbs to 3/5, even though she was unable to walk unassisted.
Case 5
A 52-year-old man was admitted with back pain and progressive paraparesis of 4 months duration. Neurological examination showed spastic paraparesis with bilateral sustained clonus and gait disturbance. A pinprick sensory deficit was detectable up to the level of T7. A well-defined posterior epidural mass could be seen in MRI of the thoracic spine at T7-8 level. It was isointense in T1W and hyperintense in T2W images which enhanced strongly after contrast material injection, and compressing the spinal cord ( Fig. 2a, b, d ). A lobulated dark mass was removed completely via laminectomy of T7 and T8 levels. Histopathological examination revealed a cavernous angioma (Fig. 2c ). Postoperative course was uneventful and all the symptoms regressed completely. Brain, cervical and lumbosacral spine MR images were normal.
Case 8
A 59-year-old woman presented with LBP of 6 months and left L5 sciatalgia of 2 weeks duration, which were intractable to medical treatment. There was no neurological deficit in physical examination. Lumbar MRI revealed an epidural lobulated mass located ventrally at L4-L5 level, compressing the thecal sac. The lesion was isointense in T1W and hyperintense in T2W images (Fig. 3a, b ) with marked enhancement after contrast material injection. The lesion extended into the neural foramina. A non-contrast CT scan of the lumbar spine revealed a mass in the left L5 neural foramen. The lesion had a comparable density to the L4-5 inter-vertebral disc with scalloping of L4 vertebral body (Fig. 3c) . Complete L4 and partial L5 laminectomy was performed and a lobulated dark red lesion could be removed totally. Histopathological diagnosis was cavernous angioma. The postoperative course was uneventful and MR images of the brain, cervical and thoracic spine were all normal.
Discussion
Genesis
Spinal cavernous angiomas are rare developmental vascular malformations and are clearly differentiated from vascular neoplasms [1, 2, 4, 7, 10, 22] . They arise from the localized arrested development of blood vessel progenitors, are composed of dilated vascular spaces walled by thin endothelial cells, and there is no evidence that they may grow by mitotic activity [6, 9, 17] . Although they do not represent true neoplasms, they are dynamic lesions, and intralesional hemorrhage, thrombosis, organization, cyst formation and involution of the caverns, all contribute to the changes in size and nature of these lesions [2, 6, 9, 19, 20] . They can occur in sporadic or familial forms [1, 3, 4, 6, 22] . Although rare, de novo development of the lesion has been described [5] .
Cavernous angiomas occurring in the spinal epidural space (SEC)
Prevalence of location
Cavernous angiomas of the spine vary in size from a few millimeters to greater than 1 cm in diameter [7, 19] SSECA may occur anywhere along the spinal canal, but appear to have a predilection for the thoracic levels, with decreasing frequency at the cervical, lumbar and sacral levels. Of the reported cases, 58 % were in the thoracic, 26 % in the cervical, 16 % in the lumbar and almost none in the pure sacral location [7, 8, 18, 21] . Our series include one in the sacral S1/2 level which was mistakenly operated as a L5/S1 disc disease and the SEC was neglected in the images. The thoracic region is the most common site of SSECA. The involvement of a specific region of the spine by SSECA is thought to relate to the number of vertebrae contained therein. Reviewing the 104 reported cases of SSECA, cervical, thoracic and lumbosacral involvement occurred in 27, 60, and 17 cases, respectively. Thoracic involvement occurred at a higher than expected rate (5 % per/vertebra vs. the 4 % expected rate), whereas involvement in the lumbar and the cervical area was close to the predicted figures. The higher incidence of cavernous angioma in the posterior thoracic spine is thought to be related with two factors; (a) the larger available epidural space and (b) the lower resistance in the posterior portion of the spinal canal. These two hypotheses may also be explanations for the mainly posterolateral localization of the lesions in the spinal epidural space [8, 11, 15, 21, 23] . The spinal canal is less capacious in the thoracic area in comparison with the cervical and lumbosacral levels, allowing less space for an expanding epidural lesion, and thus a higher likelihood of epidural lesions becoming clinically symptomatic. Age and sex prevalence
Most patients are in the 30-to 60-year-old age range, with a peak around 40 years [7, 8, 11, 25] , even though there have been reports including patients 23 months [6] to 81 years [13] old. According to the literature, 70 % of these lesions have been occurred in women [7, 8, 11] . The age and sex prevalence of our cases have been in the same range (Table 1) .
Gross feature
They are usually confined to two or more spinal levels, and have an oval shape, sometimes flattened toward the spinal cord rather than distorting it [15, 25] . SSECA are well delineated and often have a capsule or pseudo-capsule [3, 26] . Lesions of the lumbosacral region are usually round or ovoid, located in the ventral and/or ventro-lateral epidural space or just within the peri-radicular space [9, 26, 28] as in our case 3 and 8. Extra-foraminal extension is very rare [26] .
Clinical manifestation
The clinical presentation of SSECA depend on the location, growth rate, and biological behavior [8, 11, 14-16, 20, 21] and consist of spinal pain, radiculopathy, progressive paraparesis, or acute paraplegia [14, 23] . The most common clinical presentation of SSECA is slowly progressive myelopathy [3, 4, 10, 15, 17, 21] . Slowly progressive symptoms may be either due to local pressure effect of the lesion on the adjacent spinal cord or due to small repeated episodes of bleeding [15, 17, 28] . This type of symptoms has occurred in our cases 4, 5, and 7. Intermittent symptoms with variable periods of remission are probably related to episodes of small hemorrhage within the lesion [3] as observed in our second patient. Acute presentation can be either due to extradural hemorrhage [3, 4, 16, 21, 22] , or thrombotic occlusion within the structure of the cavernoma causing sudden increase in the bulk of the lesion [4, 14, 16] . Our first case presented with acute spinal epidural hematoma and cord compression, and case No. 6 presented with acute myelopathy due to intralesional hemorrhage. Patients may present with radiculopathy due to either extension of the lesion into the intervertebral foramen [7] , or into the ventral and lateral compartments mimicking the symptoms of disc herniation [4, 5, 7, 8, 10, 15] as in our cases 3, 4, 8 and 9. Sphincter dysfunction is a late clinical finding of SEC [3, 11] but occurred in our cases 1 and 6.
Imaging characteristics
SSECA may have some characteristic MRI features. The lesion is iso-intense with the spinal cord in T1W and hyperintense in T2W MR images and showed strong homogeneous enhancement after contrast material injection [2, 3, 6-8, 11, 13, 14, 17, 19, 23, 24] . In the presence of hemorrhage inside the lesion, it can be hyperintense in both T1W and T2W MR images [2-5, 8-10, 13, 19-21, 23] as in our case 6. These lesions may enhance strongly and homogeneously after contrast injection, although variable enhancement patterns such as slight global or peripheral enhancement have also been reported [23] similar to our case 3. Ring enhancement may be due to the necrosis and degeneration at the center of the lesion [2, 23] . In acute hemorrhagic cases, epidural hematoma is often the only finding [5] as in our case 1 and may present as spontaneous spinal epidural hematoma [27] . There are some differences between the MR characteristics of intramedullary and epidural spinal cavernous angiomas:
1. SEC usually enhance homogeneously after contrast injection in MRI, whereas intra-axial lesions do not enhance homogeneously [5, 25] . 2. The rim of hypointensity resulting from hemosiderin deposit, usually visible in intramedullary cavernous angioma is not seen in epidural lesions [9, 10, 20] . 3. Central heterogeneous reticulated signal (popcorn-like core), detectable in MRI of intramedullary lesions is not seen in extradural cavernous angiomas [20] .
The main differential diagnoses of SEC regarding the imaging characteristics include; neurogenic tumors, metastasis, lymphoma, meningioma, multiple myeloma, extraosseous Ewing's sarcoma, disc fragment, and epidural angiolipoma [2, 4, 7, 8, 11, 13] .
Clinical and surgical features
SEC's are apparently dynamic lesions with tendency to bleed or to grow, with subsequent spinal cord compression, necessitating complete surgical removal as the treatment of choice. The goal of treatment is total en bloc excision during the first operation [5, 9, 11, 12, 14-17, 21, 22] , however, severe intraoperative bleeding and anterior or intrathoracic extension of the lesion are the main trouble making factors [11, 14, 15, 17] . Bleeding is seldom a problem with intramedullary cavernous angiomas during surgery, however, severe intraoperative bleeding may occur in spinal epidural cavernous angiomas [17] . Therefore, adequate exposure is necessary to prevent massive intraoperative bleeding, especially in the lumbar lesions, where the lesion resembles a disc fragment [26, 28] . In our series, complete surgical removal was achieved in all cases and confirmed by postoperative MRI. Surgical treatment should be performed before worsening of the patient's neurological deficits [5, 14] . All our patients recovered completely after excision of the lesion, except case one, who underwent a delayed operation.
In lesions with extension out of the spinal canal and some remnants after surgery, radiotherapy and radiosurgery has been advised as the adjuvant mode of therapy [15, 18, 22, 25] . No adjuvant therapy was needed in our cases.
It is generally believed that the presence of spinal cord cavernous angiomas warrants imaging of the entire neuraxis in order to exclude the relatively significant incidence of multiple lesions in these patients; however, this may be unnecessary in patients with SEC [23, 25] . In our series, all other imaging were negative regarding multiple cavernomas.
Conclusion
SEC are rare benign lesions which may present with a variety of clinical symptoms and different types of MR characteristics as in this series. Patient's clinical outcome depends on the severity of the preoperative neurological status, therefore, early surgical treatment is recommended to prevent irreversible neurological deficits. Authors re-emphasize the need to consider cavernous angioma in the list of differential diagnosis of every spinal epidural masse.
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